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TECHNICAL mMOMNDUM 

EVALUATION REPORT ON THE NEPHELOMETRIC 
METHOD OF NONVOLATILE RESIDUE (NVR) ANALYSIS 

By A .  C .  Krupnick and W .  M. Z i t t l e  

TM X-53520 

George C.  Marshall  Space F l i g h t  Center 
Huntsv i l le ,  Alabama 

ABSTRACT 

I n  the  manufacturing process  of launch v e h i c l e s  and s p a c e c r a f t ,  
minute traces of o i l s ,  g reases ,  and c u t t i n g  o i l s  remain on component 
su r faces .  
gases  come i n  con tac t  wi th  shock s e n s i t i v e  hydrocarbon mixtures .  
To i n s u r e  the  lowest acceptab le  contaminant l e v e l ,  i t  i s  necessary 
t o  a s c e r t a i n  what l e v e l  of nonvo la t i l e  r e s idue  (NVR) i s  i n  the  c l ean ing  
so lven t .  

This  condi t ion  i s  i n t o l e r a b l q w h e n  o x i d i z e r s  o r  p r e s s u r i z i n g  

An i n t e n s i v e  i n v e s t i g a t i o n  of NVR methods over the  p a s t  10 yea r s  
a t  Marshall  Space F l i g h t  Center (MSFC) and i t s  predecessor  r e s u l t e d  i n  
a c o n t r a c t  wi th  I I T  Research I n s t i t u t e  (Contract NAS8-2681) t o  develop 
an ins t rumenta l  method f o r  the  automatic determinat ion of NVR i n  
so lven t s .  

An eva lua t ion  of the  r e s u l t i n g  prototype instrument  was made by the  
Mate r i a l s  Div is ion .  The instrumental  da t a  from these  t es t s  were com- 
pared t o  the  r e s u l t s  obtained from the  s tandard  gravimet r ic  method 
descr ibed  i n  MSFC-SPEC-164, "Cleanliness of Components f o r  Use i n  Oxygen, 
F u e l ,  and Pneumatic Systems." I n  o rde r  t o  determine opera tor  b i a s  
of t h e  grav imet r ic  method , standard samples were prepared and divided 
among personnel  of the Wet Analysis  Unit  of t he  Mate r i a l s  Div is ion  and 
Q u a l i t y  and R e l i a b i l i t y  Assurance Laboratory.  

A s t a t i s t i c a l  t reatment  was made of  t he  two a n a l y t i c a l  methods 
desc r ib ing  the  l i m i t  of e r r o r  and ope ra to r  b i a s  f o r  both the nephelometer 
and gravimet r ic  techniques.  
r e q u i r e s  only 45 seconds a s  opposed t o  2-1/2 hours by the grav imet r ic  

A d i s c r e t e  a n a l y s i s  by the  nephelometer 

b 

technique.  
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TECHNICAL MEMORANDUM X- 5 35 20 

EVALUATION REPORT ON THE NEPHELOMETRIC 
METHOD OF NONVOLATILE RESIDUE (NVR) ANALYSIS 

By A .  C .  Krupnick and W. M. Z i t t l e  

SUMMARY 

The eva lua t ion  of t h e  nephelometer NVR technique made by MSFC 
i n d i c a t e s  t h a t  t h i s  device  e l imina te s  the ob jec t ionab le  problems and e r r o r s  
inherent  wi th  the  s tandard  gravimet r ic  NVR technique descr ibed  i n  MSFC- 
SPEC-164, a s  w e l l  a s  the  objec t ionable  c h a r a c t e r i s t i c s  of p a r t i c l e  
count ing devices ,  because i t  does not  a t tempt  t o  d i sc r imina te  p a r t i c l e  
s i z e  but  measures t h e  t o t a l  p a r t i c l e  populat ion.  The instrument i s  
designed f o r  batch and/or  continuous opera t ion ,  both i n  comparison and 
abso lu te  mode, wi th  automatic  readout .  

V 

Data obtained from a number of d i f f e r e n t  so lven t s  us ing  s o l u b l e  o i l s ,  
soaps,  g reases ,  halocarbons,  s i l i c o n e  o i l s ,  and o the r  s y n t h e t i c  l u b r i c a n t s  
a s  s t anda rds  both s i n g l y  and i n  mixture ,  a s  w e l l  a s  samples obtained from 
a c t u a l  c l ean ing  processes  a t  MSFC, have shown t h a t  t he  nephelometer i s  
more accu ra t e ,  p r e c i s e ,  and less t i m e  comsuming than t h e  grav imet r ic  
NVR method. One d i s c r e t e  a n a l y s i s  by t h e  nephelometer r equ i r e s  only 
45 seconds where a n a l y s i s  by the  grav imet r ic  NVR method r equ i r e s  not  less 
than  2-1/2 hours.  
nephelometer makes i t  economically competi t ive wi th  the  grav imet r ic  
technique when produced a s  a production i t e m .  

I n  a d d i t i o n ,  t h e  design f l e x i b i l i t y  of t he  NVR 

It i s  expected t h a t  the c o s t  of t h i s  u n i t  w i l l  vary between 
$5,000.00 t o  $15,000.00 depending on ind iv idua l  requirements.  

INTRODUCTION 

The r e a c t i v i t y  of most organic  compounds when exposed t o  s t r o n g  
o x i d i z e r s ,  such a s  l i q u i d  oxygen, n e c e s s i t a t e s  r i g i d  c l e a n l i n e s s  
s p e c i f i c a t i o n s  be incorpora ted  f o r  a l l  hardware systems and components 
s p e c i f i e d  f o r  p r o p e l l a n t  ox id i ze r  s e rv i ce .  
c l e a n i n g  i s  d i r e c t e d  toward r e s idue  from c u t t i n g  o i l s ,  g reases ,  and 
o t h e r  s u r f a c e  l u b r i c a n t s .  Current  NASA s p e c i f i c a t i o n s  al low a maximum 
of one mi l l ig ram of r e s idue  (nonvola t i le )  pe r  square f o o t  of su r f ace  
area.  

S p e c i f i c  a t t e n t i o n  i n  

The most commonly used method of de te rmina t ion  of r e s i d u a l  grease  



on LOX hardware i s  by simply washing wi th  a high p u r i t y  so lven t  (such a s  4 

t r i ch lo roe thy lene ,  "Freon," e t c . )  and evaporat ion of t he  r i n s i n g s  t o  
dryness .  
res idue" o r  NVR. I n  order  t o  d i f f e r e n t i a t e  s o l u b l e  organic  m a t e r i a l s  
from p a r t i c u l a t e  contamination, t he  r i n s i n g s  a r e  f i l t e r e d  p r i o r  t o  
evaporat ion.  From the su r face  a rea  r in sed  and the  NVR obta ined ,  t h e  
contaminant per f t 2  su r face  i s  ca l cu la t ed  and compared t o  the  acceptance 
l i m i t .  De ta i l s  of t h i s  procedure a r e  s p e c i f i e d  i n  MSFC-SPEC-164. 

The r e s idue  i s  then  weighed and expressed a s  "nonvola t i le  

This method of a n a l y s i s  has s i g n i f i c a n t  d i sadvantages ,  however. The 
process  o f f i l t r a t i o n ,  c o l l e c t i o n ,  evapora t ion ,  and weighing i s  q u i t e  t i m e  
consuming, normally r e q u i r i n g  2-1/2 hours t o  run a s i n g l e  sample i n  
d u p l i c a t e  (wi th  one blank sample s imultaneously) .  The accuracy o r  r e s u l t s  
obtained by t h i s  method has been found t o  vary q u i t e  widely.  

Furthermore, those  components b o i l i n g  o r  having a n  apprec i ab le  vapor 
p re s su re  a t  t he  b o i l i n g  po in t  of t he  p a r t i c u l a r  so lven t  a r e  l o s t  by 
evapora t ion ,  decomposition, ox ida t ion ,  polymerizat ion,  o r  o the r  chemical 
processes  t h a t  may occur dur ing  evapora t ion .  

I n v e s t i g a t i o n  of va r ious  methods of ana lyses  of  NVR has  been under- 
way a t  MSFC and i t s  pa ren t  o rgan iza t ion  f o r  over 10 yea r s .  
s e r i o u s l y  hampered by the  f a c t  t h a t  t h e  d i f f e r e n t  manufacturing and c l ean ing  
processes  produce r e s i d u a l  m a t e r i a l s  of h ighly  v a r i a b l e  chemical composition. 
Some of  the methods which have been i n v e s t i g a t e d  by MSFC and/or  o t h e r s  were 
based upon i n f r a r e d  spectrophotometry,  a t t e n u a t e d  t o t a l  r e f l e c t a n c e  
e l l i p somet ry ,  f l a s h  evapora t ion ,  corona d i scha rge ,  chromatography, and 
nephelometry. A discuss ion  of each of t hese  methods and t h e i r  d e f i c i e n c i e s  
would be q u i t e  lengthy and beyond t h e  scope of t h i s  r e p o r t .  
a l l  the  methods inves t iga t ed  except  the  l a s t  were found t o  be d e f i c i e n t  t o  
some degree i n  a c t u a l l y  measuring n o n v o l a t i l e  r e s i d u e s  of v a r i a b l e  
compos i t j  on. 

This  t a s k  was 

1 

I n  gene ra l ,  

A f t e r  pre l iminary  s t u d i e s  a t  MSFC, f u r t h e r  experimental  r e s e a r c h  and 
development e f f o r t s  were made by I I T  Research I n s t i t u t e  under one phase 
of Contract  NAS8-268lJC. 

A prototype instrument  f o r  au tomat ic  de te rmina t ion  of NVR i n  s o l v e n t s  
by nephelometric ( l i g h t  s c a t t e r i n g )  abso rp t ion  was designed and f a b r i c a t e d  
by I I T  Research I n s t i t u t e  and subsequent ly  de l ive red  t o  MSFC f o r  e v a l u a t i o n ,  
r e s u l t s  of which are descr ibed h e r e i n .  . 
*This con t r ac t  a c t u a l l y  was t o  develop a n a l y t i c a l  methods and t o  
f a b r i c a t e  t e s t  equipment f o r  numerous contaminat ion monitor ing 
app l i ca t ions .  

2 



EXPERIMENTAL 

Theory 

When fogs ,  c o l l o i d a l  so lu t ion ,  o r  a e r o s o l s  a r e  i r r a d i a t e d  by 
v i s i b l e  l i g h t ,  t he  average d is tance  between p a r t i c l e s  i s  very  l a rge  i n  
r e l a t i o n  t o  the  wavelength of the  beam. Under these  circumstances 
the re  a r e  no coherent  phase r e l a t i o n s  between l i g h t  waves s c a t t e r e d  by 
d i f f e r e n t  d r o p l e t s ,  and as a r e s u l t ,  the  t o t a l  energy s c a t t e r e d  per  
u n i t  volume i s  p ropor t iona l  t o  the d r o p l e t  (or ae roso l )  concent ra t ion .  
By s u i t a b l e  measurement of the a t t enua t ion  of an i n c i d e n t  beam due t o  
s c a t t e r i n g ,  both the concent ra t ion  and the  diameter of sphe r i ca l  drop- 
l e t s  can be determined i n  suspension i f  the p a r t i c l e s  a r e  of uniform s i z e .  

Examination of the geometric p a t t e r n  (FIG 1 )  of l i g h t  s c a t t e r e d  by 
a s p h e r i c a l  p a r t i c l e  d i s c l o s e s  t h a t  the g r e a t e s t  amount of l i g h t  energy 
d i f f r a c t e d  by d r o p l e t s  less  than 3~ i n  diameter i s  180" from the i n c i d e n t  
l i g h t .  When an ae roso l  of so lvent  r e s idue  conta in ing  d r o p l e t s  of 
approximately equal  s i z e  and having a narrow range of r e f r a c t i v e  index 
i s  produced and exposed t o  polychromatic (0.3 - 0.41-1. wavelength) l i g h t ,  
the  i n t e n s i t y  of d i f f r a c t e d  l i g h t  i s  propor t iona l  t o  the  d rop le t  
concent ra t ion .  

Thus, by use of a s u i t a b l e  o p t i c a l  system t o  measure the  l i g h t  
s c a t t e r e d  a t  180" t o  the  inc iden t  beam, the  concent ra t ion  (or number) of 
d r o p l e t s  can be determined. Since these  a r e  d i r e c t l y  propor t iona l  t o  
the  nonvo la t i l e  r e s idue  con ten t ,  the NVR can thus be obtained.  The 
o p t i c a l  system designed t o  measure s c a t t e r e d  l i g h t  i s  denoted a 
nephelometer. Consequently, t h e  instrument  i s  termed a n  "NVR 
Nephelometer . ' I  

P r i n c i p l e  of Operation 

A p r e f i l t e r e d  sample of v o l a t i l e  organic  so lven t  i s  fed  cont inuously 
t o  a nebu l i ze r  (aerosol  generator)  where i t  i s  atomized wi th  a l a r g e  
volume of p r e f i l t e r e d  a i r .  The so lvent  sample coming from the sample 
r e s e r v o i r  i s  f i r s t  passed through a 0 . 4 5 ~  membrane f i l t e r  before  i t  i s  
introduced t o  the  nebul izer  to  e l imina te  so lven t  i n so lub le  m a t e r i a l s .  
The nebu l i ze r  i s  designed t o  produce two t o  th ree  micron p a r t i c l e s  of 
so lven t  and so lub le  contaminant. The l a r g e  volume of a i r  evaporates  
t h e  so lvent  l eav ing  two t o  t h r e e  micron p a r t i c l e s  of so lub le  contaminant 
(NVR) a s  an ae roso l  i n  the  organic so lvent  vapor and a i r .  The ae roso l  
i s  mono-dispersed, and i t s  s i z e  depends upon t h e  contamination l e v e l .  
The a e r o s o l ,  surrounded by a clean a i r  shea th ,  i s  fed t o  a photometer 
u s i n g  dark f i e l d  i l l umina t ion ,  and the  s c a t t e r e d  l i g h t  from a def ined  
view a rea  i s  measured. The amount of forward-sca t te red  l i g h t  i s  

3 



i n d i c a t i v e  of the so lven t  NVR l e v e l .  F igures  2 and 3 show photographs 
of the  sample handl ing u n i t ,  the  photometer segment, and an  o v e r a l l  
view of the nephelometer. 

The o p t i c a l  system ( F I G  4 )  adapted f o r  ae roso l  sampling i s  a 
s tandard dark f i e l d  i l l umina t ion  system having a f ixed  f i e l d  of view. 
The system i s  designed so t h a t  the  phototube can be r o t a t e d  t o  monitor 
d i r e c t  l i g h t  from the source u n i t  through a s e r i e s  of  f i l t e r s  o r  t o  
observe the dark f i e l d .  The phototube r o t a t i o n  al lows the es tab l i shment  
of s t a b l e  i l l umina t ion  condi t ions  and zero s i g n a l  cond i t ions  when the 
phototube, a t  any given dynode vo l t age ,  i s  viewing the  dark f i e l d .  

The NVR nephelometer i s  designed t o  ope ra t e  i n  two modes: t he  
comparison tes t  where "used" so lvent  i s  compared t o  the  c l ean  s t a r t i n g  
so lvent  and the r e l a t i v e  t e s t  where t o t a l  so lub le  r e s idues  are  measured. 

I n  the comparison mode, two nebu l i ze r s  (FIG 5) a r e  used,  one 
conta in ing  t h e  so lven t  used i n  the  c leaning  ope ra t ion  and the  o the r  
us ing  the  s tandard o r  s t a r t i n g  so lven t .  
ae roso l s  from these two nebu l i ze r s  f o r  a f ixed  time pe r iod ,  and the  
photomult ipl ier  ou tputs  a r e  s to red  and e l e c t r o n i c a l l y  sub t r ac t ed  from 
one another t o  provide the  s i g n a l  d i f f e rence  i n  d i g i t a l  form. 
pu t  i s  equiva len t  t o  the so lub le  r e s idue  t h a t  i s  d isso lved  during the  
c leaning  opera t ion  and compared t o  a c a l i b r a t i o n  curve .  
a block diagram of t he  nephelometer systems. 
l e v e l  of zero means t h a t  the  sample i s  a s  c l ean  as poss ib l e  when com- 
pared w i t h  the  s t a r t i n g  so lven t .  

The photometer observes the  

The ou t -  

Figure 6 shows 
A r e l a t i v e  c l e a n l i n e s s  

I n  the r e l a t i v e  o r  t o t a l  t es t  ope ra t ion ,  only one of the  n e b u l i z e r s  
i s  used. I n  essence,  the  ope ra t iona l  sequence i s  s i m i l a r  t o  t h a t  used 
i n  the  comparison mode. 

It also  should be noted t h a t  the  instrument  may be employed t o  
analyze so lvent  so lub le  r e s idue  concen t r a t ions ,  both by batch and 
continuous "on stream" samplings,  merely by d isconnec t ing  the  sample 
re ,servoir  tubing from the  membrane f i l t e r  housing and connect ing a by- 
pass l i n e  i n t o  the so lvent  c leaning  system. A d i s c r e t e  NVR a n a l y s i s  
can be accomplished every 45 seconds. 

EVALUATION AND DISCUSSION 

Instrument  C a l i b r a t i o n  

Since the nebu l i ze r s  were designed t o  produce p a r t i c l e s  w i t h i n  a 
f i n i t e  size range ,  e r r o r s  from t h i s  a r e a  were assumed t o  be n e g l i g i b l e .  
However, two o ther  problem a r e a s  had t o  be cons idered:  the  d i f f e r e n c e  
i n  vapor pressures  of va r ious  so lvents  and t h e  e r r o r s  caused by v a r i a t i o n  

4 
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i n  t he  r e f r a c t i v e  index of the  unknown m a t e r i a l s .  The f i r s t  problem 
a rea  was e a s i l y  e l imina ted  by varying the  volume of a i r  used t o  evaporate  
t h e  so lven t  aerosol  and the r a t e  a t  which the  so lvent  was fed t o  the 
nebu l i ze r .  
cm/sec f o r  a l l  so lven t s  used.  The so lven t  flow t o  the nebu l i ze r  was 
ad jus ted  by a va lve-cont ro l led  overflow. The b e s t  flow r a t e  f o r  any 
given so lven t  was found t o  be a slow continuous exhaust  a t  the overflow 
e x i t .  It was not  necessary to  a d j u s t  t h i s  flow wi th  p a r t i c u l a r  c a r e .  

It was found t h a t  the b e s t  a i r  flow was approximately 400 

In t he  case of v a r i a t i o n  i n  the  r e f r a c t i v e  index, no e r r o r s  w i l l  be 
introduced i n t o  the  a n a l y s i s  i f  the r e f r a c t i v e  index range i s  between 
1.45 t o  1.48. For tuna te ly ,  t h i s  range includes approximately 90 percent  
of a l l  organic  compounds. However , t o  f u r t h e r  s u b s t a n t i a t e  the  theory 
t h a t  l i t t l e  o r  no e r r o r s  would be caused by va r ious  organic  compounds 
o r  mixtures of t h e s e ,  samples were prepared us ing  va r ious  l u b r i c a t i n g ,  
cool ing ,  and c u t t i n g  o i l s ,  g reases ,  and seve ra l  s i l i c o n e  and halocarbon 
f l u i d s  and l u b r i c a n t s .  Each sample was weighed on a semimicro 
a n a l y t i c a l  balance so t h a t  the sample concent ra t ions  of the  ma te r i a l  
would be 4 t o  10 mg/L i n  t r i ch lo roe thy lene .  

From the  da t a  presented i n  Table I ,  it i s  ev ident  t h a t ,  except  
f o r  Kel-F 10 polymer o i l ,  accura te  r e s u l t s  were obtained wi th  a w i d e  
v a r i e t y  of contaminant types.  The instrument  s t i l l  w i l l  d e t e c t  Kel-F 10 
o i l ;  however, heavy concent ra t ions  0 1 0  mg/L) w i l l  no t  produce l i n e a r l y  
propor t iona l  r e s u l t s  on the  instrument .  

For i n i t i a l  instrument  c a l i b r a t i o n ,  SAE 30 nondetergent  motor o i l  
was s e l e c t e d  as a n  a r b i t r a r y  s tandard t o  prepare c a l i b r a t i o n  curves f o r  
t r i ch lo roe thy lene  and trichlorotrifluoroethylene so lven t  r e s idues .  
Each s tandard so lu t ion  was placed i n  the sample holder  and analyzed 
10 t imes.  The r e s u l t a n t  vo l t age  outputs  were p l o t t e d  a g a i n s t  r e s idue  
concent ra t ion .  
and the  instrument  readings  ( m i l l i v o l t s )  f i t t e d  i n t o  s tandard curves by 
means of the method of least squares.  

Severa l  c a l i b r a t i o n  runs were made a t  each concent ra t ion ,  

An at tempt  a l s o  was made t o  confirm the accuracy of the  prepared 
s t anda rds  by analyzing t h i s  so lu t ion  by the NVR gravimet r ic  procedure 
descr ibed  i n  MSFC-SPEC-164 so t h a t  g r e a t e r  accuracy could be obtained 
i n  the r eg res s ion  a n a l y s i s .  However, the r e s u l t s  were so v a r i a b l e  t h a t  
t h e  grav imet r ic  method could no t  be r e l i e d  upon t o  g ive  accu ra t e  
c a l i b r a t i o n  da ta .  Therefore, 10 ind iv idua l  s tandard samples f o r  each 
concen t r a t ion  used were’ weighed c a r e f u l l y  and brought t o  volume wi th  
the proper v o l a t i l e  so lven t .  Each sample was then analyzed 10 times 
i n  order  t o  determine by a computer program i f  the weighed s tandards  
could be used d i r e c t l y  t o  prepare a c a l i b r a t i o n  curve without  a con- 
f i rming  a n a l y t i c a l  procedure.  
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Figures  7 and 8 p re sen t  the  computerized NVR c a l i b r a t i o n  curves f o r  
trichlorotrifluoroethane so lven t ,  a t  both low level concent ra t ions  
(0.1 t o  2 mg/L) and high concent ra t ions  (0 t o  50 mg/L) . 
inc lude  the r eg res s ion  l i n e  confidence l i m i t s  and the  95 percent  
confidence l i m i t .  F igures  9 and 10 p resen t  s i m i l a r  c a l i b r a t i o n  da ta  
f o r  t r i ch lo roe thy lene  so lven t s .  Ana ly t i ca l  s tandard  curve dev ia t ion  
l i m i t s  f o r  trichlorotrifluoroethane were found t o  be from -14.89 t o  
-1.986 and f o r  t r i ch lo roe thy lene  from -1-0.83 t o  -1.16 percent  of the 
s tandard concentrat ion.  

These f i g u r e s  

Comparison of the  NVR Nephelometer and Gravimetric Techniques 

Even though the grav imet r ic  NVR method could n o t  be used a s  a 
s tandard ,  i t  was decided t h a t  both the  nephelometer and gravimet r ic  
techniques should be compared us ing  weighed samples as the  s tandard .  
Therefore ,  s eve ra l  weighed s tandards  were prepared wi th  SAE 30 non- 
de t e rgen t  motor o i l  i n  e i t h e r  t r i ch lo roe thy lene  o r  t r i c h l o r o t r i f l u o r o -  
e thane.  Each s tandard was divided i n t o  th ree  equal  po r t ions .  Two of 
the  th ree  por t ions  were evaluated us ing  the grav imet r ic  nonvo la t i l e  
r e s idue  a n a l y s i s  i n  accordance wi th  the  procedure se t  f o r t h  i n  
MSFC-SPEC-164, and one was evaluated by the  nephelometric procedure.  
The two gravimet r ic  ana lyses  were made by d i f f e r e n t  o rgan iza t iona l  
elements of MSFC. Gravimetric NVR ana lyses  were averaged s ince  the  
degree of data  s c a t t e r  and poor accuracy between r e s u l t s  produced by 
both segments of MSFC were e s s e n t i a l l y  the  same. 
presented i n  Table I1 and FIGS 11 through 14. 

These da t a  are  

To f u r t h e r  determine the v a l i d i t y  of t he  nephelometr ic  a n a l y s i s  
f o r  nonvola t i le  r e s idue  con ten t ,  samples a l s o  were obta ined  from the  
c leaning  process a t  Manufacturing Engineering Laboratory and T e s t  
Laboratory.  
i n  the same manner a s  the known s tandards .  Table 111 presen t s  t he  
da t a  f o r  these  NVR ana lyses .  

These samples were divided i n t o  th ree  p a r t s  and analyzed 

S t a t i s t i c a l  t reatment  of the  da t a  from Tables  I1 and I11 showed 
t h a t  the nephelometer ana lyses  provides  cons iderably  more accu ra t e  and 
p r e c i s e  r e s u l t s  than the grav imet r ic  method. 
Er ror  i n d i c a t i v e  of accuracy f o r  the nephelometer method was 5 2 . 7  per-  
c e n t ,  while t h a t  f o r  the grav imet r ic  method was +24 percen t .  

The pe rcen t  L i m i t  of 

Similar  s t u d i e s  a l s o  were made t o  i n v e s t i g a t e  the  e f f e c t  of 
opera tor  v a r i a b i l i t y  (b ias )  of r e s u l t s .  Analyses were made by seve ra l  
personnel and s t a t i s t i c a l  t reatment  of t h e  d a t a  showed the  b i a s  t o  be 
M.1 percent  f o r  the nephelometric method and +21 p e r c e n t  f o r  the  
grav imet r ic  method . 
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CONCLUSIONS 

I '  
I *  

From the  da ta  presented he re in ,  i t  can r e a d i l y  be seen t h a t  the 
nephelometer method f o r  determining n o n v o l a t i l e  r e s idue  conten t  has  
many advantages over the s tandard gravimet r ic  method from the s tand-  
p o i n t  of accuracy,  speed, r e p r o d u c i b i l i t y ,  and a cons iderable  
r educ t ion  i n  opera tor  e r r o r .  In a d d i t i o n ,  i t  appears  t o  be supe r io r  
t o  the  o the r  methods attempted i n  t h a t  most v o l a t i l e  organic  c leaning  
so lven t s  can be q u a n t i t a t i v e l y  checked f o r  nonvo la t i l e  r e s idue .  The 
instrument  can be operated h n t h  i n  the  r e l a t i v e  and abso lu te  modes 
and can analyze e i t h e r  "batch" o r  continuous type samplings. The 
nephelometer w i l l  i nc rease  the speed of a n a l y s i s  (45 second/d iscre te  
a n a l y s i s  versus  2 - 1 / 2  hour s ) ,  decrease the  down t i m e  c leaning  l o s s  i n  
manhours, and inc rease  c leaning  product ion r a t e s .  

When ana lyz ing  the trichlorotrifluoroethane c leaning  s o l v e n t ,  the  
instrument  can analyze r e s idue  a s  low a s  0 . 1  mg/L. 
ch loroe thylene ,  the lower a n a l y t i c a l  l i m i t  was found t o  be 0 . 5  mg/L. 

I n  the case  of t r i-  

The day-to-day r e p r o d u c i b i l i t y  of the  instrument  i s  such t h a t  
i t  w i l l  analyze the same sample t o  wi th in  0.2 mg/L of the  t r u e  va lue .  

The only case  where poor r e s u l t s  were ev ident  was i n  the  a n a l y s i s  
of  Halocarbon NVR mate r i a l s  i f  the concent ra t ion  was above 10 mg/L. 

Cer t a in  modi f ica t ions  remain t o  be made on the  instrument  which 
w i l l  increase the e f f e c t i v e n e s s  and e f f i c i e n c y  of the system. A t  t h i s  
t ime,  these  improvements are under study f o r  poss ib l e  incorpora t ion  
i n t o  an opera t iona l  system. 

t 

t 

t 
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TABLE I. - NEPHELOMETER ANALYSIS OF DIFFERENT MATERIALS 

Solut ion 

Compressor Pump O i l  
(Harmony 69) O i l  

UCON 

d i ( 2  e t h y l  hexyl) Sebacate 

Polyphenyl Ether O i l  

Machine Coolant (Cutting O i l )  '' 
Kel-F 10 Polymer O i l  

SAE 10W30 Motor O i l  

SAE 30 Motor O i l  

DC 705 Si l icone  O i l  

Chlor inated Biphenyl 

FS-1281 S i l i c o n e  O i l  

4.000 

4.007 

4.004 

4.083 

3.669 

2.648 

4.003 

4.001 

3.929 

3.999 

3.984 

10 Mg/L 

9.924 

9.647 

10.071 

9.870 

9.624 

5.155 

9.992 

9.995 

9.812 

9.998 

9.892 

;k The machine coolan t  was found t o  conta in  a v o l a t i l e  s o l v e n t  
i n i t i a l l y  (e thyl  a c e t a t e ) .  A f t e r  t he  i n h e r e n t  s o l v e n t  evaporated,  
t h e  hydrocarbon r e s i d u e  weighed 3 .7  and 9.6 mg/L r a t h e r  than 4 and 
10 m g h ,  r e s p e c t i v e l y .  

. 
I 

" 'I 
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TABLE 11. - NVR ANALYSIS OF KNOWN QUANTITIES OF NONDETERGENT 
SAE 30 MOTOR OIL 

I Grav ime tr i c Standard Concentration Nephelometer” 
Solvent (w/L) Analysis (mg/L) Analysis (mg/L) 

~ 

1 * Trichloroethylene 

1 

Trichlorotrifluoroethane 

0 . 3  
1 
2 
4 
5 

10 
15 
20  
25 
30 

1 . o  
1 . 8  
2 . 0  
2 . 9  
3 . 9  
3 . 9  
4 . 0  
4 . 9  
4 . 9  
5 . 0  
5 . 5  
9 .8  
9 .8  
10.0 
11.0 
1 4 . 7  
1 5 . 0  
19 .6  
20 .0  
2 9 . 4  

0 .35  
0 .75  
2 . 0 0  
4 . 9  
5 . 2  
9 .2  

1 4 . 3  
19 .6  
26 .O 
3 1 . 6  

0 . 4  
1 . 7  
1 . 3  
2 .6  
3 . 5  
3 . 9  
4 . 3  
5 . 5  
4 . 5  
5 . 2  
5 . 7  

10 .0  
9 . 4  

10 .1  
1 1 . 3  
14.4 
1 5 . 4  
1 8 . 9  
2 0 . 5  
2 8 . 4  

2 . 0  
2 . 6  
5 . 2  
8 . 4  
9 .8  

2 0 . 4  
1 8 . 2  
24 .2  
28 .2  
3 3 . 4  

2 .6  
3 . Q  
1 . 0  
4 . 0  
4 . 5  
6 . 6  
6 .O 
7 . 0  
3 . 0  
7 . 4  
7 . 8  

10 .0  
10 .0  
13 .6  
1 3 . 8  
1 7 . 0  
1 3 . 0  
2 1 . 4  
2 3 . 8  
24 .0  

9~ Non-experimental - Based on determination of instrument reading with calibratic- 
curves shown in FIG 7 through 1 0 .  
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TABLE 111. - W R  ANALYSIS OF CLEANING PROCESS SOLVENTS FROM MANUE'ACTURING 
ENGINEERING AND TEST LABORATORIES 

Gravimetric 
Solvent Analysis, mg/L 

Trichloroethylene 0.8 
1.0 
1.0 
1 .o 
1.2 
1.4 
1.6 
1.8 
1.8 
2.6 
3.2 
3.2 
3.4 
3.8 
4.2 
4.2 
7.8 
7.8 

Trichlorotrif luoroethane 0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0 . 4  
0 . 4  
0.4 
0 . 4  
0.5 
0.8 
0.8 
0.8 
0.8 
1.2 
1.2 
1.2 
1.6 
1.6 
4 . 0  

10 

Nephelometric 
Analysis, mg/L 

1.29 
0.75 
1.46 
1.79 
1.28 
1.17 
1.06 
1.52 
1.31 
2.48 
2.86 
2.49 
2.32 
2.27 
4.51 
4.68 
7.84 
7 -57 

0.24 
0 .75  
0.21 
0.22 
0.25 
0.41 
0.69 
0.70 
0.75 
0.68 
0.38 
0 . 4 1  
0 . 3 9  
0.41 
0 . 5 4  
0 . 3 1  
0 . 4 4  
0.62 
0 . 4 7  
0.42 
0 . 5 3  
0 . 4 1  
0.36 
2.31 
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FIGURE 1. - SCATTERING PATTERN ABOUT A SPHERICAL PARTICLE 
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